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(57) ABSTRACT 

A thermal protection system and a method of manufacturing 
are disclosed. The thermal protection system may be config- 
ured to protect a movable joint, for example, a flexible bearing 
of a rocket motor nozzle. The thermal protection system 
includes a series of annular shims separated by a plurality of 
discrete spacers. Each shim of the series of annular shims may 
have a larger diameter than the previous shim, and the shims 
may nest. The shims may comprise a thermally stable mate- 
rial, and the discrete spacers may comprise an elastomer. 
Optionally, an annular bearing protector may separate the 
annular shims from the flexible bearing. 

24 Claims, 7 Drawing Sheets 
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THERMAL PROTECTION SYSTEM AND 
RELATED METHODS 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 5 

This invention was made with Government support under 
Contract No. NAS8-97238 awarded by the National Aero- 
nautics and Space Administration (NASA). The Government 
has certain rights in this invention. 

FIELD OF THE INVENTION 

Embodiments of the present invention relate to thermal 
protection systems and related methods for movable joints, 
and, more specifically, a thermal protection system for a 
flexible bearing for use with a movable thrust nozzle of a 
rocket motor 

BACKGROUND OF THE INVENTION 

A conventional flexible bearing may comprise a lamination 
of alternating layers of an elastomeric material and rigid 
reinforcement shims that are stacked and bonded together. 25 
Both the top and bottom layers may be an elastomer, and the 
lamination is positioned between and bonded to metallic end 
rings. One end ring may comprise the thrust-nozzle ring of a 
rocket motor, and the other may comprise the rocket case 
mounting ring. The lamination may be laterally flexible, that 30 
is, in directions parallel to the layers, but unyielding in the 
directions perpendicular to the layers. 

A flexible bearing used in a rocket motor application is 
exposed to excessive heat and/or flame. The rigid reinforce- 
ment shims of the bearing may be metal, and may withstand 35 
the heat. However, the elastomer layers may deteriorate, 
beginning with the peripheral portions which are exposed to 
the heat or flame. The deterioration adversely affects the 
incompressibility of the laminated stack and the ability of the 
stack to accommodate torsional rotation. 40 

One solution to the need for thermal protection of a flexible 
bearing is disclosed in U.S. Pat. No. 3,519,260 to Irwin. The 
laminated bearing stack is alternate layers of elastomer and 
bearing material, and the peripheries of the bearing material 
extend beyond the peripheries of the elastomer layers. The 45 
extension of the bearing material layers beyond the elastomer 
layers provides flame traps between the bearing material lay- 
ers. In addition, the extension of the bearing material layers 
provides heat radiating vanes along the periphery of the flex- 
ible bearing. 50 

A drawback to the extended bearing material design for a 
flexible bearing is that any damage to extended bearing mate- 
rial layers requires the entire flexible bearing to be replaced. 
The flexible bearing is an expensive component; therefore, 
frequent replacement is not desirable. 55 

Another thermal protection device for a flexible bearing is 
disclosed in U.S. Pat. No. 4,263,243 to Wilson, the disclosure 
of which is incorporated herein by this reference. The protec- 
tive heat and flame barrier is formed by providing an espe- 
cially refractory outer edge on each shim, which extends 60 
beyond the layers of elastomer. The protective edge is formed 
on each shim by attaching an edging of resin-filled cloth, of 
especially refractory properties, to the outer edge of at least 
some of the segments before arranging them in a mold. 

Any damage to the protective edge of the Wilson thermal 65 
protection device will result in a reduction in thermal protec- 
tion, or the entire bearing must be replaced. In addition, the 
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bearing having protective edges acts as a pressure barrier, 
trapping heated gases between the protective edges and the 
elastomer layers. 

Therefore, there is a need for a thermal protection system 
for a flexible bearing which is replaceable, flexible, and does 
not act as a pressure barrier. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with various embodiments of the present 
invention, thermal protection systems, a rocket motor includ- 
ing a thermal protection system, and related methods are 
provided. In accordance with one embodiment of the present 
invention, a thermal protection system for a movable joint is 
provided. The system includes a plurality of nested annular 
shims of a cloth composite, and a plurality of discrete spacers 
disposed between the shims. Each discrete spacer may com- 
prise, for example, an elastomer, and the cloth composite may 
comprise, for example, a carbon cloth and a phenolic resin or 
a glass cloth and a phenolic resin. 

The nested annular shims may each have a surface con- 
forming to a surface of a concentric sphere, and may be nested 
between end rings of a cloth composite. The discrete spacers 
enable air flow between the shims, and enable the shims to 
move relative to one another so the thermal protection system 
may flex with the movable joint. 

In one embodiment of the present invention, the discrete 
spacers may include an elastomer portion and a metal cap. In 
another embodiment of the present invention, the discrete 
spacers may each comprise a spring. 

In another embodiment of the present invention, a rocket 
motor may comprise a movable thrust nozzle, including a 
flexible bearing, and a thermal protection system disposed 
about the movable thrust nozzle adjacent to the flexible bear- 
ing. The flexible bearing may comprise a plurality of elas- 
tomer layers stacked alternately with rigid layers. The ther- 
mal protection system may comprise a plurality of nested 
annular shims of a cloth composite and a plurality of discrete 
spacers disposed between the shims. An annular separator 
may be positioned between the thermal protection system and 
the movable thrust nozzle. 

In yet another embodiment of the present invention, a 
thermal protection system may comprise a plurality of nested 
annular shims of a cloth composite, and a plurality of spacers 
disposed between the shims, wherein the spacers include a 
skid shoe positioned on one surface thereof. The spacers may 
include an annular cavity of one surface thereof, defining an 
insulative nub on a circumferential edge thereof, which is not 
in contact with the skid shoe. 

One embodiment of a method of the present invention 
comprises a method of assembling a thermal protection sys- 
tem, including providing a flexible bearing assembly having 
an end ring nesting a first annular shim having a plurality of 
discrete spacers attached thereto within the end ring of the 
flexible bearing assembly; and nesting at least one second 
annular shim having a plurality of discrete spacers attached 
thereto within the first annular shim, the first annular shim at 
least partially encircling the at least one second annular shim. 

Other aspects and advantages will become apparent from 
the following detailed description, taken in conjunction with 
the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims particularly 
pointing out and distinctly claiming that which is regarded as 
the present invention, the advantages of this invention may be 
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more readily ascertained from the following description of 
the invention when read in conjunction with the accompany- 
ing drawings in which: 

FIG. 1 is a schematic illustration of a thermal protection 
system according to an embodiment of the present invention; 

FIG. 2 shows a close-up view of the thermal protection 
system of FIG. 1; 

FIG. 3 is a close-up cut-away perspective view of a thermal 
protection system according to an embodiment of the present 
invention; 

FIG. 4 is a cut-away perspective view of the thermal pro- 
tection system of FIG. 3; 

FIG. 5 is an isometric view of a shim of a thermal protec- 
tion system according to an embodiment of the present inven- 
tion; 

FIG. 6 is a cross-sectional view of a shim of the thermal 
protection system of the embodiment of FIG. 1; 

FIG. 7 depicts one embodiment of a mold of the present 
invention; 

FIGS. 8 A and 8B illustrate one embodiment of a method of 
making a shim according to an embodiment of the present 
invention; 

FIG. 9 depicts a shim and spacer according to another 
embodiment of the present invention; 

FIG. 10 depicts a thermal protection system according to 
yet another embodiment of the present invention; and 

FIGS. 11A and 11B illustrate a thermal protection system 
according to still another embodiment of the present inven- 
tion 

DETAILED DESCRIPTION 

FIG. 1 depicts an embodiment of a flexible bearing assem- 
bly 150 and a thermal protection system 100 of the invention. 
FIG. 2 depicts a close-up view of a portion of the thermal 
protection system 100. The thermal protection system 100 
may be useful with any movable joint, including any ball-type 
joint, and is depicted in combination with the flexible bearing 
assembly 150 by way of example and not limitation. The 
flexible bearing assembly 150 may comprise, for example, a 
flexible seal and bearing for a rocket nozzle. The flexible 
bearing assembly 150 shown in FIG. 3 comprises a lamina- 
tion of alternate layers of an elastomeric material 154 and 
rigid reinforcement shims 152 that are stacked and bonded 
together. The flexible bearing assembly 150 may be protected 
from excessive heat and/or flame by the thermal protection 
system 100, extending the useable life of the flexible bearing 
assembly 150. 

The thermal protection system 100 may be annular, and 
include a plurality of shims 110 nested together. The shims 
110 may also be annular, and have spacers 120 positioned 
therebetween. The thermal protection system 100 may further 
comprise a separator 180 (FIG. 1) positioned between the 
shims 110 of the thermal protection system and the flexible 
bearing assembly 150. 

The shims 110 may comprise a thermally stable material 
such as a composite, for example, a carbon or glass cloth 
phenolic composite. The annular shape of the shims is most 
clearly understood by viewing the cut-away perspective view 
of FIGS. 3 and 4. The shims 110 may be configured as nested 
rings with a common center, each shim 110 having a diameter 
slightly greater than the preceding shim 110, and a spherical 
curve. That is, an aft face, or inner surface 105 of each shim 
110 may correspond to a zone of a sphere having the desired 
radius. A forward face, or outer surface 107 of each shim 110 
may also correspond to a zone of a sphere. Thus, the shims 
110 may have surfaces conforming to the surfaces of concen- 
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trie spheres. The outer surface 107 of each shim 110 may have 
a notch 108 corresponding to the location of an associated 
spacer 120. 

Turning to FIG. 6, which depicts a cross-sectional view of 
5 a portion of a shim 110, the notch 108 may be defined by a first 
annular end 101 of each shim 110 having a thickness t : less 
than the thickness t 2 of the opposite, second annular end 102 
of each shim 110. A fillet 109 may separate a surface 107a of 
the notch 108 from a raised portion 107/? of the outer surface 
10 107 of the shim 110. The shim 110 may comprise an annular 
body with a spherical curve, as noted hereinabove. The 
spherical radius “A” of the inner surface 105, the spherical 
radius“B” of the raised portion 107/? of the outer surface 107, 
and the spherical radius “C” of the surface 107a of the notch 
15 108 may join at a common spherical center, as shown in FIG. 
6 . 

The inner surface 105 of the shim 110 may include a 
tapered portion 105a at the first annular end 101 of the shim 
110. The outer surface 107 may include a tapered portion 
20 107c at the second annular end 102 of the shim 110. The 
tapered portions 105a, 107c of the first and second annular 
ends 101, 102, respectively, may encourage air flow between 
the adjacent, nested shims 110 of the thermal protection sys- 
tem 100. 

25 Each shim 110 may have a plurality of spacers 120 bonded 
thereto, which may be spaced about the outer surface 107 of 
the shim 110. For example, each shim 110 may have twenty - 
four spacers 120 associated therewith, each spacer 120 
equally spaced about the shim 110. FIG. 5 depicts an isomet- 
30 ric view of a shim 110 with spacers 120 bonded to the outer 
surface 107 thereof. Specifically, the spacers 120 may be 
bonded to the surface 107a ofthe notch 108. The inner surface 
105 of a successive shim 110 will be spaced apart a predeter- 
mined distance from the outer surface 107 of the prior shim by 
35 the spacers 120. The predetermined distance between the 
raised portion 107/? of the outer surface 107 and the inner 
surface of the successive shim 110 will be less than the depth 
of the spacer 120 because of the notch 108. 

Alternatively, the spacers 120 may be bonded to the inner 
40 surface 105 of each shim 110. The spacers 120 may be 
received by the notch 108 on the successive shim 110, or the 
inner surface 1 05 of each shim may include a notch therein. It 
is also within the scope of the present invention for each shim 
1 10 to have a uniform thickness t 2 over the width “w,” and the 
45 thickness of the spacers 120 may define the distance between 
the shims 110. 

The spacers 120 may be positioned in discrete locations 
about the shims 110, enabling air flow between the shims 110. 
The space between the shims 110 provides a tortuous path for 
50 hot gas, effectively cooling the gas that reaches the cool side 
of the thermal protection system 100, adjacent to the separa- 
tor 180 and the flexible bearing assembly 150. The hot gas 
may vent through the shims 100; thus, the thermal protection 
system 100 does not act like a pressure barrier. The spacers 
55 120 may comprise, for example, rubber buttons or discs. A 
spacer having any cross-sectional shape is within the scope of 
the present invention. The spacers 120 may comprise, by way 
of example, an elastomer, such as polyisoprene, polybutadi- 
ene, polychloroprene, polyisobutylene, poly(styrene-butadi- 
60 ene-styrene), a polyurethane, or a silicone. 

Returning to FIG. 1, the bearing protector, or separator 180 
may comprise an annular structure positioned between the 
flexible bearing assembly 150 and the shims 110 of the ther- 
mal protection system 100. The bearing protector, or separa- 
65 tor 180, may comprise a secondary thermal protector, and 
insulate the flexible bearing assembly 150 from any hot gases 
which vent into the cavity between the separator 180 and the 
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shims 110 of the thermal protection system 100. The separa- 
tor 180 may be flexible, and stretch when the flexible bearing 
assembly 150 is vectored. The separator 180 may comprise, 
by way of example and not limitation, molded silicone rubber 
such as room temperature vulcanizing (RTV) silicone. Other 
suitable materials for the separator 180 include a filled or 
unfilled elastomer including nitrile butadiene rubber (NBR) 
and ethylene-propylene-diene monomer (EPDM). 

The separator 180 may be attached to a fixed housing 160 
on the inside, and a metallic bracket 170, also known as a cowl 
housing, on the outside, The separator 180 may further 
include end rings (not shown) to facilitate the attachment 
thereof. The end rings may comprise, by way of example, a 
carbon or glass cloth phenolic composite. 

The thermal protection system 100 may be assembled by 
nesting the shims 110 on the flexible bearing assembly 150 of 
a rocket motor. Returning to FIG. 3, as an example, a first (or 
forward) end ring 140 (comprising, for example, a float car- 
bon 141 and a cowl 142 (FIG. 2) of the thermal protection 
system 100 may be attached to the end ring 155 of the flexible 
bearing assembly 150 of the rocket motor. The metallic 
bracket 170 may be positioned between the first end ring 140 
and the end ring 155 of the flexible bearing assembly 150. 
Shim 7 (FIG. 2) with spacers 120 may be nested in the first 
end ring 140, and may be affixed to the first end ring 140, for 
example, with an adhesive. Alternatively, the annular geom- 
etry of shim 7 may retain the shim in the proper position. 
Next, shim 6 may be nested in shim 7, shim 5 may be nested 
in shim 6, continuing until all of the shims are in place. 

The shims 110 may be nested and stacked within the flex- 
ible bearing assembly 150 without bonding or otherwise 
attaching the shims. 110 to one another. Rather, each shim 
includes spacers 120 bonded to only one surface thereof. For 
example, shim 1 (FIG. 2) has spacers 120 bonded thereto, and 
the successive shim 2 rests against the spacers 120 of the 
preceding shim 1 . The geometry of the shims and other com- 
ponents mechanically locks the shims in place. FIGS. 1-4 
depict a thermal protection system with seven shims; how- 
ever, a thermal protection system having any number of shims 
is within the scope of the present invention, h is also within the 
scope of the present invention for the successive shims to be 
affixed, for example, by bonding or with an adhesive, to the 
spacers 120 of the prior shim. 

After all of the shims 110 are assembled in a nested for- 
mation, the second (aft) end ring 130 may be nested in the last 
shim 110. The second end ring 130 may comprise, for 
example, an all ramp 135 secured to the fixed housing 160 
with an adhesive, for example, a TIGA adhesive, available 
from Resin Technology Group, LLC of South Easton, MA, 
with a glass cloth phenolic positioned therebetween. It will be 
understood that the thermal protection system 100 of the 
present invention may be assembled on, and used with a 
rocket motor, or any other structure which includes a movable 
joint. 

The thermal protection system 100 may be disassembled 
by first removing the fixed housing 160 and the associated 
second end ring 130. Then, each shim 110 may be lifted off of 
the flexible bearing assembly 150. 

The movement of the thermal protection system 100 is 
driven by the flexible bearing assembly 150, in conjunction 
with the end rings 130, 140. As the rocket nozzle moves, the 
flexible bearing assembly 150 moves, and the first, forward 
end ring 140 will move with the flexible bearing assembly 
150. The second, aft end ring 130 is stationary, fixed to the 
fixed housing 160. The movement of the end rings 130, 140 
relative to one another drives the movement of the shims 110 
of the thermal protection system 100 in conjunction with the 
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flexible bearing 150. The shims 110 rotate about a common 
pivot point that is the spherical center of the shims 110. 

The shims 110 may be formed by molding. Turning to FIG. 
7, a mold 200 includes a convex mold surface 210 shaped in 
5 the zone of a sphere with the radius of the particular shim. A 
fiber cloth, for example a carbon or glass cloth may be filled 
with a resin, for example a phenolic resin, and partially cured 
for easier handling. The cloth is then arranged on the convex 
mold surface 210. A concave mold surface 215 may be par- 
10 allel with the convex mold surface 210, but have a larger 
radius by the desired thickness of the shim. The concave mold 
surface 215 is arranged over the resin and cloth on the convex 
mold surface 210, and heat and pressure may be applied to 
cure the resin. 

15 The mold surfaces 210, 215 may be coated with a release 
agent, such as TEFLON®, prior to molding, in order to facili- 
tate removal of the finished shim. 

FIGS. 8A and 8B illustrate a method of making a shim 
according to another embodiment of the present invention. 
20 The shims 110 may be formed by wrapping a buildup of 
composite layers onto a mandrel 190, for example using 
net-molding techniques. The mandrel 190 may comprise a 
plurality of separable stacked substantially cylindrical sec- 
tions 192, each having a convex mold surface 195. Each 
25 convex mold surface 195 may be sized with the desired 
spherical radius for each shim 110, for example, the spherical 
radius ‘A” as shown in FIG. 6. The wrapped part may then be 
cured in an autoclave and then machined to the desired pro- 
file, for example, the profile shown in FIG. 6. FIG. 8B illus- 
30 trates the net-molded inner surfaces 105, and the machined 
outer surfaces 107 of the finished shim 110. The cylindrical 
sections 192 may be separated to remove the finished shims 
110 . 

Spacers 120 may be attached to each shim in spaced 
35 arrangement thereabout. The spacers 120 may be attached, 
for example, with an adhesive, or by bonding. Applying heat 
in order to bond the spacers 120 may vulcanize the elastomer 
of the spacer 120. The thermal protection system 100 may be 
assembled as described hereinabove on the object with which 
40 it is to be used, for example, on the flexible bearing assembly 
150 and fixed housing 160 of the rocket motor. 

Another embodiment of a thermal protection system 1 00 of 
the present invention includes a plurality of nested shims 110 
having spacers 120' positioned therebetween. One shim with 
45 a spacer 120' is depicted in FIG. 9. The spacers 120' may 
comprise an elastomer portion 121 and a cap 122. The elas- 
tomer portion 121 may comprise a cylindrical button, and 
may comprise any of the materials described hereinabove 
with respect to the spacer 120. The cap 122 may substantially 
50 cover the elastomer portion 121 . The cap 122 may enable the 
shims 110 to slide on one another with less friction, and may 
increase the flexibility of the thermal protection system 100, 
when compared to a thermal protection system with spacers 
120 having no caps. The cap 122 may comprise a metal, for 
55 example, an alloy such as steel. 

A thermal protection system 400, according to yet another 
embodiment of the present invention, is shown in FIG. 10. 
The thermal protection system 400 includes a plurality of 
nested shims 110 having spacers 420 positioned therebe- 
60 tween. The spacers 420 may comprise annular bodies, with 
skid shoes 425 thereon. The skid shoes 425 may comprise a 
metal, and may enable the shims 110 to slide on one another 
with less friction, and may increase the flexibility of the 
thermal protection system 400. 

65 One end of the spacers 420 may include an annular cavity 

226, separating an annular insulative nub 227 from the skid 
shoe 425. The annular insulative nub 227 extends from the 



